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Introduction: Chest x-rays (CXR) are routinely obtained on blunt trauma patients. Many patients also receive
additional imaging with thoracic computed tomography scans for other indications. We hypothesized that in
hemodynamically normal, awake and alert blunt trauma patients, CXR can be deferred in those who will also
receive a TCT with significant cost savings.
Methods: We retrospectively reviewed the charts of trauma patients from 1/1/2010 to 12/31/2010 who received
both a CXR and TCT in the trauma room. Billing and cost data were collected from various hospital sources.
Results: 239 patients who met inclusion and exclusion criteria and received CXR and TCT between 1/1/2010 and
12/31/2010. The sensitivity of CXR was 19% (95% CI: 10.8% to 31%) and the specificity was 91.7% (95% CI: 86.7% to
95%). The false positive rate for CXR was 35.8% (95% CI: 21.7% to 52.8%) and the false negative rate was 24.5% (95%
CI: 18.8% to 31.2%). The precision of CXR was 42.3% (95% CI: 25.5% to 61.1%) and the overall accuracy was 74.1%
(95% CI: 68.1% to 79.2%). If routine chest xray were eliminated in these patients, the estimated cost savings ranged
from $14,641 to $142,185, using three different methods of cost analysis.
Conclusions: In patients who are hemodynamically normal and who will be receiving a TCT, deferring a CXR
would result in an estimated cost savings up to $142,185. Additionally, TCT is more sensitive and specific than CXR
in identifying injuries in patients who have sustained blunt trauma to the thorax.Introduction and Background
Trauma is the leading cause of death in young patients,
and the fifth leading cause of death in those older than
65 [1]. In 2007 unintentional injuries accounted for
120,000 deaths and over 26 million disabling injuries in
the United States with an estimated economic impact of
$684.4 billion [1]. Major thoracic injuries are particularly
devastating and are responsible for 20 to 25% of all
trauma deaths [2]. Early identification of these injuries is
important to make care decisions for trauma patients
and to predict their outcomes. In severely injured pa-
tients, it is especially important to identify all injuries as
quickly as possible. Lung contusions in particular con-
tribute greatly to the morbidity and mortality of patients
who have suffered thoracic trauma and are independent* Correspondence: feeneymd@yahoo.com
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reproduction in any medium, provided the orrisk factors for the development of acute respiratory dis-
tress syndrome, pneumonia, and long-term respiratory
dysfunction, with a mortality rate of 10% to 25% [3-6].
The Advanced Trauma Life Support guidelines of the
American College of Surgeons include chest x-rays
(CXR) as a routine adjunct to the primary trauma survey
[7]. Previously, x-rays were also used regularly to evalu-
ate the cervical spines of trauma patients. As imagining
technology has evolved, computed tomography (CT)
scans have largely replaced cervical spine x-rays in
trauma patients [8]. There is also research demonstrat-
ing that pelvic x-rays show poor sensitivity and specifi-
city for pelvic fractures, and that pelvic CT scans are
superior imaging studies, and may safely replace plain
pelvic x-ray in some circumstances, with a considerable
resultant cost savings to the institution [9,10].
Similar to cervical spine and pelvic imaging, several
studies suggest that CXR also has poor sensitivity and spe-
cificity in detecting thoracic injury in hemodynamically
normal blunt trauma patients [2,3,11-17]. Instead, in these
patients, it may be possible to use history and physicalLtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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alter patient management [18,19]. If imaging is warranted,
thoracic computed tomography (TCT) scans demonstrate
superior sensitivity and specificity compared to CXR in
detecting a variety of thoracic injuries and may be a better
study of choice [4,11,12,16,17,20].
At our institution blunt trauma patients routinely re-
ceive a supine CXR in the trauma room as an adjunct to
the primary trauma survey regardless of history and phys-
ical exam findings. Many of these patients also receive CT
imaging of the chest, abdomen, or pelvis. Whether or not
a patient receives additional imaging depends on a variety
of factors. These include a severe mechanism of injury,
complaints of pain or other symptoms, concerning find-
ings on physical exam, trauma surgeon preference, and
other factors. We hypothesized that there would be signifi-
cant cost savings at our institution if CXR were deferred
in hemodynamically normal blunt patients who will
proceed to CT for other indications.Methods
This project was approved by the Institutional Review
Board (IRB) at Saint Francis Hospital and Medical
Center (SFH), a Level II Trauma Center in Hartford,
Connecticut, and by the IRB at the University
of Connecticut School of Medicine in Farmington,
Connecticut. After a query of the Trauma Database was
performed the charts of all patients who received a CXR
in one of the two trauma bays at Saint Francis between
1/1/2010 and 12/31/2010 were reviewed. Patients were
included if they presented to the trauma room at our in-
stitution. Patients younger than 18 years old were ex-
cluded, as were patients with penetrating trauma or
patients with any hemodynamic abnormality, clear re-
spiratory failure requiring immediate intervention, nee-
dle decompression in the field, or obvious signs or
symptoms of thoracic injury which were deemed at the
time to need immediate intervention. In addition, pa-
tients were excluded if they had a Glasgow Coma Scale
less than 14, were otherwise altered so as to render
physical exam unreliable, if they only received CXR and
no TCT, or had a completely negative physical exam
with no indication for TCT but received one as part of a
comprehensive scan. The radiology reports were
reviewed in the medical record, as were history and
physical exam findings at the time of admission. Images
were reviewed on web based pictorial and archiving
communications software (SECTRA PACS web V11.2).
The presence and types of each thoracic injury diag-
nosed on CXR were compared with those found on
TCT, which was considered the gold standard. Any thor-
acic symptoms were noted, as were thoracic physical
exam findings. Age and gender were reviewed for allincluded patients. Fisher's exact test was used to calcu-
late p-values. Descriptive statistics and 95% confidence
intervals (95% CI) were calculated.
The standard CT protocol for trauma in our institution
consists of 120cc of Omnipaque 360 (GE Healthcare Inc,
Princeton, NJ) with 5 mm cuts through the chest with
3mm reconstructions through the thoracic spine. All CT
findings were reviewed, but only thoracic findings were
noted for this study.
Methods for charge and cost analysis were used as pub-
lished elsewhere [21]. Hospital costs were calculated using
Activity Based Costing (ABC), a detailed analysis of direct,
variable, and indirect costs associated with the perform-
ance of CXR, and using hospital charges as a surrogate for
hospital costs. Medicare reimbursement for CXR was also
determined.
Results
A total of 1,912 patients were evaluated in the two trauma
rooms at SFH between 1/1/2010 and 12/31/2010, 1,307 of
which were admitted. Those with blunt trauma comprised
1,367 (71.5%) patients and the remaining 545 (28.5%)
sustained penetrating injuries. A total of 476 patients who
received CXR in the trauma room met our initial inclusion
criteria and of these, 239 (50% of included patients) were
not excluded. These 239 patients received both CXR and
TCT as part of their initial assessment (Figure 1). Of these
patients, 64% were male with an average age of 42.4 years
(39.14 to 45.58 years) and 36% were female with an aver-
age age of 53.1 years (47.8 to 58.5 years) (Table 1). All
were hemodynamically normal at the time they proceeded
to CT. The majority of patients received CT of the Chest/
Abdomen/Pelvis for trauma. Each CXR was considered to
be correct or incorrect, based on whether the CXR cor-
rectly identified all injuries noted on TCT.
The indications for TCT were as follows: subjective
complaints of chest or back pain (167 patients; 69.9%,
(95% CI 63.8% to 75.4%)), tenderness to palpation of the
chest or back (69 patients; 28.9% (95% CI 23.5 to 34.9%),
or widened mediastinum on CXR (4 patients; 1.7% (95%
CI 0.5% to 4.4%)).
Of the 239 patients included, twenty one patients (8.8%)
were found to have a pneumothorax, 3 of which were
found on CXR (14.3% of pneumothoraces) (Table 2).
Thirty three patients (13.8%) were found to have rib frac-
tures, 13 of which were found on CXR (39.4% of rib frac-
tures). Of the 15 lung contusions identified (6.3% of
patients), 8 were discovered on CXR (53.3% of lung contu-
sions). Fractures of the sternum were present in 5 patients
(2.1%), one of which was found on CXR (20% of sternal
fractures). The sensitivity of CXR was 19% (95% CI: 10.8%
to 31%) and the specificity was 91.7% (95% CI: 86.7% to
95%) (Table 3). The false positive rate for CXR was 8.3%
(95% CI: 5% to 13.31%) and the false negative rate was
Figure 1 Patient Selection.
Table 2 Injury detection by modality (n = 239)
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42.3% (95% CI: 25.5% to 61.1%) and the accuracy was
74.1% (95% CI: 68.1% to 79.2%) (Table 3).
The hospital charge for a single view portable CXR
performed in the trauma room at Saint Francis Hospital
was $569.92. Adding radiologists’ fees increased the cost
estimate to $594.92 per CXR. This yields an annual cost
estimate of $142,185.88 using the portable device
(Table 4).
Direct hospital cost at Saint Francis Hospital was $103
per CXR, using the ABC method of estimation. Including
the radiologist’s fees for interpreting the study, this cost in-
creases to $128 per CXR, which brings the annual cost to
$30,592 (Table 4).
Medicare reimbursement to the hospital for a single
view CXR is $51.80. This does not include the professional
fee for the radiologist’s interpretation, which is $9.46.
Therefore, the total Medicare reimbursement for a CXR
completed in the trauma room, including the contribution
from the patient or the patient’s co-insurance and the radi-
ologist’s fee, is $61.26 per CXR. This amounts to a total
annual Medicare reimbursement for our series of CXRs of
$14,641.14 (Table 4).
Discussion
CXR is used in the early assessment of trauma patients
to screen for significant thoracic injuries that require im-





Male 153 (64%) 42.36 (39.14 to 45.58)
Female 86 (36%) 53.10 (47.76 to 58.45)good screening test is defined as being highly sensitive
and moderately specific; in short, it should be a good
tool for ruling out injury. In our study, CXR was com-
pared with TCT scan as the gold standard. The sensitiv-
ity (true positive rate) of CXR was calculated to be 19%
(95% CI: 10.8% to 31%) and the specificity (true negative
rate) was 91.7% (95% CI: 86.7% to 95%). These numbers
suggest that CXR is not, in fact, a good screening tool
for thoracic injury in blunt trauma patients. CXR has a
positive predictive value of 42.3% (95% CI: 25.52% to
61.08%), which is the probability that a positive finding
on CXR reflects a true positive finding. The negative
predictive value of CXR is 77.9% (95% CI: 71.88% to
83%), which reflects the probability that a negative find-
ing on CXR reflects a true negative finding. The preci-
sion of CXR was 42.3% (95% CI: 25.5% to 61.1%), which
reflects the reproducibility of a test result. The overall
accuracy was 74.1% (95% CI: 68.1% to 79.2%).
This study supports previous findings in the literature
which clearly demonstrate that TCT is superior to CXR in
identifying thoracic injury in blunt trauma patients
[2-4,11-17,20,22-25]. There remains, however, a great deal
of controversy surrounding the discussion of whether or
not TCT should be used routinely as an adjunct to the pri-
mary survey in blunt trauma patients. In a study from
1994, Marts et al. conclude that TCT is more sensitiveFindings CXR TCT Percent of injuries
found on CXR
95% CI
Pneumothorax 3 21 14.3% 4.14% to 35.48%
Rib fractures 13 33 39.4% 24.65% to 56.35%
Lung contusion 8 15 53.3% 30.11% to 75.20%
Sternal fractures 1 5 20% 2.03% to 64.04%
Table 3 Sensitivity and specificity of CXR (n = 239)
Thoracic injury No thoracic injury
CXR (+) 11 (-) 47 (+) 15 (-) 166
TCT 58 181
(+) indicates a positive study; (-) indicates a negative study.
Sensitivity of CXR 19% (95% CI: 10.8% to 31%).
Specificity of CXR 91.7% (95% CI: 86.7% to 95%).
False positive rate 8.3% (95% CI: 5% to 13.31%).
False negative rate 81% (95% CI: 69% to 89.2%).
Precision of CXR 42.3% (95% CI: 25.5% to 61.1%).
Accuracy of CXR 74.1% (95% CI: 68.1% to 79.2%).
P-value 0.0299.
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than CXR, but that the majority of injuries identified by
CT alone are minor [14]. The standard protocol for TCT
in this study was 1cm cuts from the apices of the lungs to
the diaphragm, with contrast, and including both medias-
tinal and lung windows. Our protocol for TCT in trauma,
as mentioned above, includes 5 mm cuts through the
thorax with 3 mm reconstruction of the thoracic spine.
The CT scanner at SFH also provides many windows for
viewing the images, including pulmonary, abdomen, and
bone. In Marts’ study, TCT was found to be inferior to
CXR in the evaluation of bony trauma, however, no bone
window was available for these TCTs. With the evolution
of technology, Marts’ study and others like it may have be-
come obsolete.
A prospective cohort study from 2000 by Guerrero-
Lopez and colleges suggests that, while TCT detects more
injuries than CXR and induces therapy changes in a con-
siderable number of patients, this does not translate into
improved clinical outcomes [19]. The outcomes measured
in this study were ICU length of stay, ICU mortality, and
time on mechanical ventilation. While these are valid met-
rics for evaluating short-term improvements in patient
care, this paper fails to address the long-term implications
of missed injuries, including issues of pain management,
residual lung dysfunction, time to return to work, and psy-
chological affects. Additional prospective studies are
needed to address these important questions. Additionally,
in this study the mean duration of all CT explorations was
32.43 ± 13.31 minutes, with the upper limit being a full 60
minutes in the CT scanner [19]. This is significantly longer
than current technology allows, and represents outdated
information regarding the speed of modern scanners.
These data only highlight the improvements in technology







Medicare $51.80 $9.46 $61.26 $14,641.14
Activity based costing $103 $25.00 $128 $30,592
Hospital portable $569.92 $25.00 $594.92 $142,185.88
* Based on 239 patients.Cost is an ever more important consideration in medi-
cine. An analysis of the cost and benefit of pelvic x-rays in
the evaluation of blunt trauma by Feeney, et al. in 2011
suggests that there is a potential for significant cost sav-
ings if pelvic x-rays can be deferred in hemodynamically
normal patients who will be evaluated by CT scan [26]. A
similarly designed study by Wisbach et al. from 2007 ex-
plores the utility of CXR in the evaluation of blunt trauma
patients [16]. They suggest that in hemodynamically nor-
mal blunt trauma patients with a normal physical exam,
CXR appears to be unnecessary. A total of 487 patients fit
this description, and they estimate the cost of obtaining
these CXRs as $8,830, approximately $18.13 per CXR.
There is no discussion of the basis for the per x-ray charge
figure, and based on our data this is a gross underestimate
of the cost of obtaining a CXR.
We used three methods of cost analysis as described
above. ABC was used to estimate the direct hospital costs
associated with obtaining a single anterior-posterior CXR.
This estimate accounts for the cost of equipment, a tech-
nician to perform the test, hospital support staff including
the presence of a nurse, as well as the radiologist’s fee for
interpreting the study, and other factors. This number is
often an underestimation, since it fails to take into account
such factors as equipment maintenance and replacement,
lost productivity, and the extremes of patient care often
required in the case of trauma patients with multiple in-
juries. Using ABC our estimated cost in 2010 for obtaining
CXRs in patients who also received TCT was $30,592, in-
cluding radiologist fees.
Using hospital charges as a surrogate for cost, on the
other hand, is generally an over-estimate of true cost. The
usual and customary charges include a profit margin for
the hospital in addition to the other costs associated with
performing the test. Based hospital charges for CXR
performed in the trauma room at SFH and including radi-
ologists’ fees, this yields a cost estimate $142,185.88 per
year, using a portable device.
We also used Medicare reimbursement to estimate the
cost of obtaining a CXR in the trauma room. This mo-
dality tends to underestimate the actual cost, since the
reimbursement is less that the usual and customary fees,
and does not include reimbursement for many overhead
expenses. The profit margin for hospitals is significantly
smaller and is designed to only partially cover the con-
sumables and labor costs associated with performing the
test. In addition, this reimbursement does not take into
account the lost productivity, equipment maintenance,
and labor costs associated with performing the test. The
Medicare reimbursement to SFH for a single view CXR,
including radiologist fees, amounted to $61.26 per study,
representing an annual reimbursement of $14,641.14.
This study has several limitations. Firstly, this is a rela-
tively small sample size; only 239 patients met inclusion
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trauma room. SFH is a moderate sized Level II trauma
center. At larger institutions with higher patient vol-
umes, the potential cost savings could be even larger.
Also, in database studies there is always the possibility
that errors occurred in the initial data query and that pa-
tients were missed who should otherwise have been in-
cluded. There is no reason to suspect this is the case,
however it is a possibility worth mentioning as it could
theoretically affect our data collection. In the case of
trauma patients, they could possibly be overlooked if
they were evaluated in places other than the two trauma
rooms. We have no reason to think that this actually
happened in the collection of these data, but it should
be mentioned as a possible confounder. Also, all trauma
patients receive a new medical record number when
they are evaluated in the trauma rooms, even if they
have a previous medical record number from being seen
at the hospital before. Once it is determined that they
have a preexisting record, the two records are merged. It
is possible that in the process, records or imaging stud-
ies may be improperly merged, and therefore not in-
cluded in these data. We found no instances of this in
our review.
This review did not address any possible adverse reac-
tions patients may have had from receiving a TCT scan,
including dye reactions and radiation exposure. Possible
unfavorable outcomes associated with obtaining a CXR
in the trauma room were not explored either. However,
no adverse reactions or unfavorable outcomes were doc-
umented from either CXR or TCT in the 239 patients
included in our study.
Most importantly, it was not possible to control for the
fact that the radiologists reading the CXR and TCT were
unblinded to the results of the other test. This would be of
particular importance if the TCT identified multiple injur-
ies and the CXR was re-visited to look for those injuries
identified by TCT. There were numerous addenda to im-
aging studies included in this review, but it was unclear
what prompted these addenda. Such biases must be taken
into consideration for future studies. Possibilities for fu-
ture research include a large, multi-center trial to better
compare these imaging modalities and to better account
for selection and radiologist bias.
Finally there is the question of the indication for the
CT scans. Most times, the indication for CT is pain or
tenderness on physical exam. However, infrequently, the
indication for TCT is listed in the medical record as
widened mediastinum on CXR (4 patients, 1.7% (95% CI
0.5% to 4.4%). Considering all of those patients, 3 pa-
tients (75%, (95% CI 28.9% to 96.6%)) proceeded to TCT
and had a negative study. One patient (0.4%; (95% CI
<0.01% to 2.6%)) was found to have an isolated rib frac-
ture (single rib) that was not identified on physical exam,and also showed a pulmonary contusion in close prox-
imity to the isolated rib fracture. It is possible that the
CXR, therefore, in these 4 cases (1.7% of patients; (95%
CI 0.5% to 4.4%)) led to the TCT, which in turn led to
the serendipitous diagnosis of the actual injury in one
patient (0.4%; (95% CI <0.01% to 2.6%)). This population
of patients, however, by meeting the inclusion and exclu-
sion criteria, was entirely awake and alert, and was fully
examinable at the time they were evaluated. None of
those injuries was clinically significant on chart review,
however, and two were discharged from the emergency
department. Still, further studies will be needed to fully
elucidate the effect of eliminating the CXR on the
missed injury rate, and that is a limitation of this study.
Conclusion
CXR is an important adjunct to the primary survey for
many trauma patients. In the case of penetrating trauma,
particularly gunshot wounds, CXRs can provide vital
data about trajectory and immediately life-threatening
injuries in a matter of minutes. In patients with multiple
injuries who are hemodynamically unstable, CXRs can
often help elucidate the cause quickly and efficiently
without leaving the trauma room. It remains a valuable
tool in the armamentarium of the trauma surgeon.
However, we examined a small subset of patients,
characterized by blunt mechanism, hemodynamic nor-
mality, respiratory normality, who are awake, alert and
reliably examined, and who will proceed to TCT for ab-
normalities on history and physical exam, regardless of
the CXR findings. In that cohort, we suggest that the
routine CXR be omitted. This would eliminate an un-
necessary test that in this population does not add useful
diagnostic information and incurs significant cost as well
as unnecessary radiation exposure.
Overall, the estimated annual cost savings if these 239
CXRs had not been done ranges from $14,641.14 to as
much as $142,185.88. The true estimate is likely closer
to the upper limit of this range. In addition, SFH is a
Level II trauma center with a moderate volume of pa-
tients. The potential annual cost savings at a larger insti-
tution with a higher volume of patients would likely be
considerably higher than our estimate.
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